Relay techniques have been recently employed to mitigate errors induced during data transmission and improve system performance. Bit Error Rate (BER) is one key metric used for system performance assessment. This paper provides analytical formulation for the BER as a function of distance employing Binary Phase Shift Keying (BPSK) modulation. Impact of the location of the relays and effects of propagation environment are considered. Results reveal that the best location of relays is in the center between the source and destination. Also, increasing number of relays are very beneficial in reducing the error rate.
Introduction
In recent years wireless communications systems have witnessed a significant growth in services, since subscribers are looking for high speed data transfer with guaranteed quality of services. Many technique exist to satisfy such demanding requirements.
One of the most important technique is Multi Input Multi Output (MIMO) and relay systems. In terms of simplicity and cost, the relay approach is preferred [1] . This paper investigates the utilization of relay technique and assess the system performance in terms relays location. The basic idea behind relaying, is to assist the main link between source and destination by providing an additional link for transmitting the signals [2] . space diversity [3] . There are two distinguished types of relays: Amplify and Forward (AF), and Decode and Forward (DF) protocols. In AF, the relay simply amplifies the received signal and resend it without any further signal processing. The amplification process can be regarded as a multiplication with an amplification factor G. The main drawback in AF relay is the noise introduced which is also amplified along with the signal, particularly for low Signal-to-Noise Ratio (SNR). To overcome this drawback, it is commonly used in the high SNR region. DF relays, on the other hand, decode the signal before sending it to the receiver. It is comparatively more complex than the AF [4] . The focus of this paper, is on AF relay with relatively high level of SNR. In such cooperative system, the BER is a key metric for performance assessment of the cooperative relaying system. Sivakumar et al., [5] investigate the effect of location of relays on the system performance and how to reduce the amount of transmitted power. Li et al. [6] examined the impact of relay placement on the system Symbol Error Rate (SER) and outage probability using Binary Phase Shift Keying (BPSK) modulation.
The authors of [7] presented a comparison between performance of the AF and DF in terms of the BER when BPSK modulation is used over Rayleigh fading channel. Cho et al. [8] studied the effects of relay location on SER for AF and DF relays employing multiple relays. The results show that it is preferred to place the relays on the same location rather than on different locations in order to reduce the SER. In [9] Aldhaibani et al. examined the effects of the location of relays for cell edge users. In [10] , the authors investigated effects of the relay placement on the SER and capacity. Their results show that the best performance is achieved when the relays are located in the middle between the source and the destination and the worst is when it is located close to the destination. Recently, Khalil et al. [11] presented performance assessment for system in terms of BER for multiple AF relays arranged in parallel over Rayleigh fading channel. This paper provides analytical formulation for the BER in terms of distances between source, relay and destination with existence of direct path. The BER simulated for a different relay location with a specific path loss exponent. Also, investigating effect of path loss exponent for different propagation environments and with different relay locations on the BER of multiple AF relay.
The rest of the paper is organized as follows. In Section II, the system model of the proposed AF system is described. In Section III, numerical results are presented to validate the theoretical analysis. Finally, Section IV concludes the paper.
Impact of Relay Location on the BER
Large-scale fading in wireless system occurs when the transmitted signal passes through large distances compared to the wavelength and obstacles causing shadowing and path loss. Influence of the propagation environment in addition to the loss of signal power as function to the propagation distance cause path loss, while shadowing is the variation of signal power as it is impeded by obstacles [12] . The path in which the signal travels between the source and destination fluctuates from Line of Sight (LoS) to that harshly obstructed by objects with Non Line of Sight (NLoS) [13] . The path loss exponent, α, used to capture the effect of path loss with the distance is expressed as dα [12] . The characteristic of different prorogation environments is referred to as path loss exponent value [14] . Low value of α means availability of LoS, for instant in free space environment α = 2, while larger values of α implies the existence of NLOS due to obstructions [13] . For example, LoS environment is represented by α = 3 and 4 while NLoS environment represents by α = 5 [15] . Considering the system shown in Fig.1 , the signal from the source s to the destination d is supported by N relays. The system works in a half-duplex transmission mode.
The transmission protocol requires two phases. In phase 1, the source broadcasts information to the destination, and the information at the same time naturally received by the relay. The received signal at the i-th relay node, ysri, and the destination, ysd, are given by [16] :
In phase 2, N relay nodes assist in amplifying the recieved signal received and then retransmit the signal to the destination node. The received signal at the destination due to the i-th relay transmission is:
where denotes transmit power, x is the transmitted signal and the amplifica- 
the amplification factor of i-th relay Gri is [18] :
where Pri is the power at the i-th relay. Let Pt = Ps = Pri and assume that the SNR of the source to destination link, , the SNR of source to i-th relay link, , and SNR of the i-th relay to the destination link, , written in term of distances, as: 
The total SNR at the destination when a direct path link exists between the source and destination, is:
For simplicity, assume SNR = 0 , the total SNR at the destination in Eq. 8 may be rewritten as:
The BER for BPSK modulation is [19] :
where erfc (x) is the complementary error function.
Simulation Results
This section assesses the performance of the system in terms of BER using multiple AF relays at different locations in different propagation environments. Firstly, the effect of relay location with different path loss environments is discussed. Three different locations of the relay will be considered: relay at the center of the link (dsr1 = 0.5 km), relay close to the source (dsr1 = 0.3 km) and relay close to the destination (dsr1 = 0.7 km). Eq. 4 is based for assigning all the distance values. This strategy of arranging of relays is preferred in "harsh" environment with large path loss exponent. The results for two relays are listed in Table 1 which presents results of employing two relays when the first relay is placed at the center while the second relay placed in: the center (dsr2 = 0.5), closer to the source (dsr2 = 0.3) and closer to the destination (dsr2 = 0.7), respectively. As α increases, the BER value decreases. As the propagation environment gets more dense, α increases, the values of the BER decrease, when α = 5, the best performance is obtained when dsr2= 0.5 and the worst performance when dsr2 = 0.3. Table 2 Increasing the number of relays generally decreases the BER and further it decreases more when the relay is located at the center. The reason behind the reduction in BER is that path loss is function to distance and since placing relays will split the distance between source and destination (dsd) into smaller distances. The BER in Eq.10 which is function to − from , will associate with inverse relationships with α.
Conclusions
In this paper, the BER for multiple AF relays in terms of location between the source and destination assuming direct path propagation is investigated. It also reports the The lowest BER is 4×10-6 when the number of relays in the system are three and all placed at the center of the link when the signal propagate in NLOS environment with α equal to 5.
